Introduction
============

There are multiple options for femoral fixation of a soft tissue graft in anterior cruciate ligament (ACL) reconstruction. In particular, suspensory femoral fixation has attracted increasing interest with the popularity of outside-in femoral drilling for better replication of the anatomy of the native ACL[@b1-ksrr-29-033]--[@b4-ksrr-29-033]. However, some difficulties could be encountered during ACL reconstruction using suspensory devices: incomplete seating, flipping failure, jamming inside the femoral canal or iliotibial band, and pulling to the outside of the skin or to the joint[@b5-ksrr-29-033]--[@b7-ksrr-29-033].

TightRope RT (Arthrex, North Naples, FL, USA) is an adjustable-loop length suspensory fixation device. It is usually used with FlipCutter (Arthrex) that enables bone sparing procedure. Theoretically, this combination allows proper graft-tunnel fit. However, the longer the TightRope loop is, the higher the risk of being pulled too far off or too little[@b6-ksrr-29-033],[@b8-ksrr-29-033]. Up to now, there is insufficient information on the intraoperative difficulties and complications related to this device. The availability of such information is important because surgical difficulties and iatrogenic complications can be avoided if the mechanism of the device is understood and some technical tips are practiced. Previously, we also encountered some difficulties (incomplete seating, pulling at the outside portion of the iliotibial band, or slipping during distal pulling due to incomplete transverse flipping) during flipping.

We proposed some technical tips and methods for prevention of intraoperative difficulties and complications in ACL reconstruction using similar devices in our previous reports[@b1-ksrr-29-033],[@b6-ksrr-29-033]. The purpose of the current study is to evaluate the efficacy of our direct visualization technique in ACL reconstructions performed using 3 different techniques with different suspensory devices. The hypothesis of this study was that safe and secure seating of suspensory devices would be possible using this technique regardless of the surgical technique and suspensory device used in ACL reconstruction

Materials and Methods
=====================

From 2010 to 2015, 3 different suspensory devices (TightRope RT, RetroButton \[Arthrex\], and EndoButton loop \[Smith & Nephew, Andover, MA, USA\]) were utilized in ACL reconstruction performed using 3 different techniques (outside-in technique, anteromedial \[AM\] portal technique, and transtibial technique). In ACL reconstructions performed during this period, a pulling Ethibond (Ethicon, Somerville, NJ, USA) or wire was searched around the femoral exit point with an arthroscope. This technique was tried with suitable adjustments in nearly all cases in single bundle ACL reconstruction if the button could not be found in the suprapatellar pouch. In double bundle transtibial reconstruction, this technique was also applied if any of the pulling Ethibond or wire of two bundles could not be found. However, analysis was performed using only surgical records describing this technique.

Firstly, a guiding Ethibond or wire was searched in the suprapatellar pouch with viewing from the anterolateral (AL) portal. Shaking of the guiding Ethibond or wire was performed at the outside portion of the knee if the guiding material was not seen in the suprapatellar pouch area. Superolateral capsulotomy was performed along the guiding material from outside to inside the joint with a shaver and the femoral exit point was confirmed ([Fig. 1](#f1-ksrr-29-033){ref-type="fig"}). This procedure was performed by a single surgeon in all cases. Positioning of the guiding material (necessity of superolateral capsulotomy) and seating pattern of the suspensory devices were analyzed according to the surgical technique and suspensory device used.

1. Surgical Technique
---------------------

Summaries of the 3 different surgical techniques are provided below. Three suspensory devices (TightRope RT, EndoButton, and RetroButton) were used during ACL reconstruction performed using the 3 different techniques. During reconstruction, the focus was on the safe and firm seating of the suspensory devices with arthroscopic control. In all cases, a hamstring autograft was used and the grafts' free ends were sutured with No. 5 Ethibond (approximately 3 cm in length) regardless of the technique used.

2. Outside-in Technique
-----------------------

An arthroscope was inserted via the AM portal and a femoral guide set (RetroConstruction Drill Guide Set, Arthrex) at a 90° angle was inserted via the AL portal using a FlipCutter drill guide system. The tip of the guide hook was pointed at the posterosuperior corner of the ACL footprint using the outside-in technique. If the footprint was not well noticed, the lateral intercondylar ridge and lateral bifurcate ridge were used as landmarks. Once the FlipCutter tip was in the joint, the drill sleeve was slid back and the femoral guide was removed. The blue hub was turned counterclockwise until it contacted the cross-pin. Using an arthroscopic probe, the blade of the FlipCutter was folded until it was perpendicular to the shaft and the blue hub was turned clockwise until tight. The drill sleeve was pushed down to the bone and then pushed approximately 7 mm. Retro-reaming was then performed until the FlipCutter bottomed out on the drill sleeve. The reaming length was also double checked using a rubber ring. After removing the FlipCutter by pushing it back into the joint and straightening the blade tip, the looped wire was inserted through the drill sleeve and used for graft passage.

3. Anteromedial Portal Technique
--------------------------------

An arthroscope was inserted via the AL portal in the familiar 90° knee flexion position. The transportal guide (TPG) was brought through the AM portal and seated in the 10-o'clock position for the right knee and 2-o'clock position for the left knee. A beath pin was inserted into the joint through the TPG. The tip of the beath pin was pointed at the central portion of the footprint. If the footprint was not well noticed, the lateral intercondylar ridge and lateral bifurcate ridge were used as landmarks. The beath pin was inserted into the lateral wall of the notch at the centrum of the femoral socket. Then, a cannulated reamer was inserted through the guide wire and reaming was performed. A looped wire was inserted through the beath pin hole and used for graft passage.

4. Transtibial Technique
------------------------

The tibial tunnel was drilled from the proximal and medial parts to lower the obliquity of the femoral tunnel. In general, the starting point of the tibial tunnel is located midway between the posterior cortex of the proximal tibia and the medial margin of the tibial tuberosity. Following the tibial tunnel creation, a transtibial femoral tunnel guide was inserted through it and the rear angle of the guide was placed in the direction of 10-o'clock position for the right knee and 2-o'clock position for the left knee in a more than 100° flexion. Then, a tunnel with a depth of 30 mm was drilled to achieve a posterior wall thickness of approximately 1--2 mm. Then, a looped wire was inserted through the beath pin hole and used for graft passage. To make the posterolateral bundle for double bundle reconstruction, the knee was held in 90° flexion and the ACL guide was inserted at an angle of 55° via the AM portal. The guide tip was pointed to the most posterolateral aspect of the footprint. Then, the guide pin was advanced to the femoral footprint, which was located below the intercondylar ridge and anterior to the bifurcate ridge[@b9-ksrr-29-033]--[@b11-ksrr-29-033].

5. Superolateral Capsulotomy
----------------------------

This technique was applied regardless of the reconstruction method. The size of the capsulotomy was approximately 3 cm and it was mostly healed at the second-look arthroscopy. Under direct visualization through an arthroscope introduced from the AL portal to the superolateral pouch, we shook the inserted wire up and down until we could identify the correct location of guide wire. Then, an arthroscopic shaver was inserted via a skin incision for the FlipCutter or beath pin, and debridement of soft tissue around the guide wire was performed. Then, the tunnel exit was exposed for complete seating without impingement of soft tissue. Debridement was performed up to the convex lateral epicondylar area and it did not advance downward to prevent a neurovascular injury.

The graft was passed from the tibial tunnel to the femoral tunnel and the buttons of suspensory devices were observed outside of the femoral tunnel using the arthroscope. Then, careful flipping was performed under direct arthroscopic visualization ([Fig. 2](#f2-ksrr-29-033){ref-type="fig"}). A probe or a knot-pusher could be used for flipping and compressing the button to the bony surface while maintaining complete flipping. After complete flipping, distal pulling was performed for tensioning. The flipping loop was tied over suspensory devices using a non-sliding knot in the case of TightRope RT ([Fig. 3](#f3-ksrr-29-033){ref-type="fig"}).

6. Statistical Analysis
-----------------------

The SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used. A p\<0.05 was considered significant. The Kruskal-Wallis test was used to compare the efficacy of the superolateral capsulotomy among three groups. The Mann-Whitney *U* test was used as a post hoc analysis to determine significant differences among the groups.

Results
=======

Eighty-seven TightRope RTs, 78 EndoButtons, and 23 Retro-Buttons were used for suspensory fixation in ACL reconstruction. All TightRope RTs and RetroButtons were used in ACL reconstruction using the outside-in technique (n=86). All EndoButtons were used in the transtibial single bundle or double bundle ACL reconstruction (n=48) and AM portal ACL reconstruction (n=32).

On the transtibial technique, 21 of total 26 cases (81%) of the single bundle reconstructions and 22 of total 22 cases (100%) of the double bundle reconstructions required superolateral capsulotomy. Buttons were found in 21 of total 21 cases (100%) of the single bundle reconstructions and in 17 of total 22 cases (77%) of the double bundle reconstructions. Five of total 22 cases (23%) of the buttons of the posterolateral bundle could not be found even after the superolateral capsulotomy. On the AM portal technique, all patients required capsulotomy and the button was found in only 18 of total 32 cases (56%) even after capsulotomy. On the outside-in technique, all patients required capsulotomy and the button was found in 86 of total 86 cases (100%) ([Table 1](#t1-ksrr-29-033){ref-type="table"}). There was no complication or reoperation related to the techniques.

There was a statistically significant difference in the efficacy of our technique among groups (p=0.002). In the post hoc analysis, there was a statistically significant difference between single bundle and double bundle transtibial ACL reconstructions (p=0.022). There was also a statistically significant difference between single bundle transtibial ACL reconstruction and AM portal ACL reconstruction (p=0). However, there was no statistically significant differences between single bundle transtibial ACL reconstruction and reconstruction using the outside-in technique (p=1). There was no statistically significant difference between double bundle ACL reconstruction and AM portal reconstruction (p=0.115). However, there were statistically significant differences between double bundle ACL reconstruction and reconstruction using the outside-in technique (p=0) and between reconstructions using the AM portal technique and the outside-in technique (p=0).

Discussion
==========

The purpose of this study was to evaluate the efficacy of our flipping under direct visualization technique in ACL reconstructions performed using 3 different techniques and 3 different suspensory devices. The principal findings of this study were that this technique was more effective for the outside-in technique and single bundle transtibial technique. However, it was less effective for the AM portal technique and double bundle transtibial technique, especially in searching the button of the posterolateral bundle. Therefore, the clinical relevance of this study is that this technique is recommended for safe and secure seating of a suspensory device, especially in single bundle transtibial ACL reconstruction and ACL reconstruction using the outside-in technique. In contrast, in some cases of the PL bundle of double bundle ACL reconstruction and AM portal reconstruction, this technique could not be used because it was difficult to find the exit point. Thus, the difference in the efficacy of this technique may be related to the exit point of each ACL reconstruction technique. In the case of the single bundle transtibial and outside-in technique, the exit point is positioned in the relatively anterior area. However, in our opinion, in the PL bundle in the transtibial double bundle reconstruction and AM portal reconstruction, the exit point cannot be positioned in the relatively posterior area due to the proximity to the peroneal nerve and difficulty to access through the AL portal ([Fig. 4](#f4-ksrr-29-033){ref-type="fig"}).

There are 3 different fixation mechanisms for femoral fixation: compression, expansion, and suspension. The last of the three was further divided into the cortical, cancellous, and corticocancellous suspension mechanisms[@b2-ksrr-29-033],[@b12-ksrr-29-033]. Suspensory fixation has been reported to result in a higher incidence of tunnel widening[@b13-ksrr-29-033]. On the other hand, it is increasingly used with the popularity of outside-in femoral drilling for better replication of the anatomy of the native ACL and the development of new strong devices[@b3-ksrr-29-033]--[@b5-ksrr-29-033]. However, using these devices, some difficulties could be encountered during the operation such as incomplete seating, flipping failure, jamming inside the femoral canal or iliotibial band, and pulling to the outside of the skin or to the joint. In our previous experience, these kinds of problems could be avoided by observing the fixation directly[@b1-ksrr-29-033]. Therefore, it is believed that direct viewing and control is the best way to perform complete and safe fixation.

In our direct visualization technique, only the routine AL portal and an incision for FlipCutter were used and an arthroscope was inserted through the AL portal. Therefore, another skin incision was not required. Seating was controlled by a probe or a knot-pusher. The space observed from the AL portal appeared similar to the bursal space in shoulder arthroscopy. In this situation, suture material or wire for graft passage was used as a guide and easy access to the femoral hole along the wire could be obtained. This technique has two important advantages. First, complete seating of a fixation device can be confirmed with arthroscopic visualization. Second, control of the seating is possible using accessory devices such as a probe or a knot pusher. On the other hand, the lateral side of the suprapatellar pouch is open, extra operative time is required, and some extravasation of fluid is inevitable.

There are some limitations of this study. First, the number of patients was different in each group. Second, evaluation was only performed using surgical records. Therefore, due to the limited availability of information, we could not describe more details on the exact size of capsulotomy and the efficacy of the technique for each bundle in double bundle ACL reconstruction. Third, there were some missing data between 2010 and 2012 on whether this technique was used or not. Therefore, it was impossible to identify the exact percentage of enrollment among all ACL reconstructions.

Conclusions
===========

Direct viewing technique to confirm secure seating of the suspensory devices was more effective for the outside-in and single bundle transtibial technique. However, it was less effective for the double bundle transtibial technique and AM portal technique. For most of the reconstruction techniques, superolateral capsulotomy was required.
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![Superolateral capsulotomy was performed along the guiding material from outside to inside the joint with a shaver.](ksrr-29-033f1){#f1-ksrr-29-033}

![Flipping of a button was performed under direct arthroscopic visualization.](ksrr-29-033f2){#f2-ksrr-29-033}

![The Flipping loop was tied over the suspensory device in a non-sliding knot in the case of TightRope RT.](ksrr-29-033f3){#f3-ksrr-29-033}

![Button position in each technique and the tagged area is the peroneal nerve. (A) Transtibial technique, (B) anteromedial portal technique, (C) outside-in technique. Rt: right.](ksrr-29-033f4){#f4-ksrr-29-033}

###### 

Requirement of Capsulotomy and the Rate of Finding Buttons after Capsulotomy According to Each Technique

  Techniques            No. of cases   Requirement of capsulotomy   Rate of finding buttons after capsulotomy
  --------------------- -------------- ---------------------------- -------------------------------------------
  Transtibial                                                       
   Single bundle        26             21 (81)                      21 (100)
   Double bundle        22             22 (100)                     17 (77)
  Anteromedial portal   32             32 (100)                     18 (56)
  Outside-in            86             86 (100)                     86 (100)

Values are presented as number (%).
